EU Science & Technology (S&T) pre-competitive and near-the-market collaborations are the two main instruments of the European technological policy. In order to grasp the dynamics inherent to the technological collaborative behaviour of European research organisations and to better appreciate to what extent European countries, regions and research organisations are engaged in EU S&T cooperative aggrements, descriptive statistics and several absolute and relative indicators are performed. To that end, a analysis based on the collaborations observed through the European Framework Programme as well as the EUREKA initiative is performed. In a second step, a regression analysis is conducted to shed some light on the main determinants of the participation of EU regions to these S&T collaborations.
INTRODUCTION
Increased cross-border collaborations between firms, universities and research institutes are a major feature of the European Science and Technology (S&T) system. International collaboration in research has long been supported by the European Union (EU). The successive Framework Programmes (FWP) have been a main policy instrument at this level. Indeed, these programmes represent a main channel of S&T collaborations especially between universities and public Research and Technology Organisations (European Commission, 1997) . Organised since 1984 within successive FWP, the EU's research activities are designed to complement those of the Member States and work toward closer integration of Europe's scientific and industrial communities (Cannell, 1998) . Besides the pre-competitive collaborative agreements, European near-the-market cooperations constitute a complementary tool for understanding the whole European technological policy.
There is no consensus on the measurement of the real impact of European collaborative programmes on economic performance. Some research scholars argue that subsidising exclusively European collaborations may not constitute an effective use of European resources and that, despite the creation of an impressive array of links between partners, the political spillovers have been minimal (Peterson and Sharp, 1998) . The assessment of the real impact of European collaborative programmes on economic performance remains a question under scrutiny (Capron et Cincera., 1999) . Results of the FWP have been rather mixed. On the one hand, they have not yet shown a substantial impact on European competitiveness and trade performance. On the other hand, they have helped keeping Europe in the technological race and have beyond formal collaborations helped the formation of dynamic networks (Dumont and Tsakanikas, 2001) . Then, according to the strategic investment literature, when knowledge spillovers are weak, R&D competition is more optimal than collaboration (Dumont and Tsakanis, 2001 ).
Despite these criticisms, it is however recognized that the European collaborative programmes contribute to bring together the research capabilities of research actors in different Members states, to improve the linkages between the different types of actors at European level, to provide a deeper pool of expertise to address existing as well as new and emerging problems, and to provide a stimulus towards a more dynamic technological and business environment (Cannell, 1998) . Both FWP and near-the-market collaborative agreements under the EUREKA initiative represent for many companies an opportunity for improving their R&D processes. In particular, the EUREKA programme is a decentralised initiative offering an international, flexible and innovative framework for European firms. EUREKA enhances R&D activities by pushing strategic short-term and long-term technological alliances as well as knowledge drain in core technologies. Likewise, it brings together SMEs, large companies, governments and administrations, research institutes and universities building an international collaborative network.
In Section 2, we present descriptive statistics and indicators in order to appreciate to what extent European countries, regions and organisations are engaged in EU precompetitive and near-the-market research networking. This is achieved by means of several absolute and relative indexes based on European countries participation. We also present the ranking of the most active organizations in the CORDIS (resp. EUREKA) projects as well as the main Belgian participants. In Section 3, some regional and technological indicators have also been computed. The main determinants explaining the participation of EU's regions to pre-competitive and near-the-market S&T cooperative agreements are also investigated through an econometric analysis. Section 4 concludes.
EU PRE-COMPETITIVE AND NEAR-THE-MARKET S&T COOPERATIONS

EU PUBLIC INITIATIVES
The EU organises pre-competitive collaboration through successive FWP. "A Framework Programme is a set of Research and Technological Development (RTD) activities funded by the European Union and managed by the European Commission relating to a series of fields and types of activities targeted over a given period of a few years" (European Commission, 1997) . The FWP is the main financial and legal instrument of the European Commission to implement the European Research Area (European Commission, 1997 and . A specific legal base was put in place at the time of the Single European Act, which came into force in 1987, and was subsequently modified under the 1993 European Union (Maastricht) Treaty and the 1996 Amsterdam Treaty (Cannell, 1998) . The first FWP 1 was established in 1984, as an umbrella for a number of research activities which had been developed earlier under the European Community and Euratom Treaties (Cannell, 1998) . This European program covered the years 1984-1987 and its budget was ECU 3.7 billion. The second one covered the period 1987-1991 (ECU 5.4 billion) and the third one the period 1990-1994 (ECU 6.6 billion). With a budget of €17.5 billion, the sixth FWP covered RTD Community activities for the period [2002] [2003] [2004] [2005] [2006] . The FWPs aim to strengthen the scientific and technological base of European industry, thereby encouraging it to be more competitive, and to implement research, which provides support for the broad range of Community policies. More concretely, the FWP set the S&T objectives, as well as the objectives to be reached by the four actions mentioned in the article 130G of the Maastricht treaty, namely (Cannell, 1998) : (i) the implementation of SDT programs promoting cooperation with and between firms, research centres and universities. This activity comprises the majority of expenditures, amounting to about 87 per cent of funds under the fourth FWP; (ii) the promotion of S&T cooperation with partners outside the European Union and/or international organisations. Several specific objectives are pursued through such co-operation: Supporting the development of less-developed countries, ensuring that community researchers have access to important technologies being created in advanced countries outside the Union, and building research networks with neighbouring countries, especially those ones which are candidates for accessing the Union; (iii) the diffusion and valorisation of the SDT results; and (iv) the stimulation of the training and mobility of researchers, through fellowship schemes allowing researchers to spend time in laboratories outside their home country, so as to foster the transfer and development of skills, and through research training networks across a wide range of research areas. In addition, the successive FWP set the maximal amount, the terms and conditions of the financial participation of the European Community to the FWP as well as the financial part allowed to specific programs.
The FWP is implemented through specific programs such as ESPRIT, RACE, BRITE as well as specialized programs in biotechnology or medicine 3 . These programs all share common characteristics: (i) They are pre-competitive collaborative programs; (ii) Funding is on a share-cost basis for industrial partners; (iii) The Commission lays down broad priorities after consultation of experts; (iv) Application for funding is appreciated by independent experts.
EU PRIVATE INITIATIVES
The globalisation of markets and the high speed of technological change give rise to the launch of the EUREKA (European Research Co-ordination Agency) initiative in 1985 after the 'Hanover declaration'. This declaration sets the objectives, conditions of participation and establishes the structures of the programme (EUREKA, 2000) .
The EUREKA system is a decentralised pan-European technology network aimed at sharing technological and scientific knowledge. This objective could be achieved through the prospect that partners with complementary competencies would work together or that companies with similar R&D requirements would cooperate. This intergovernmental initiative supports the creation of innovative collaboration links and networks. Projects are generally oriented on a 'bottom-up' basis. In fact, projects are proposed and defined by participants. The management and control of projects is also let to them (European Commission, 1997) . Furthermore, EUREKA aspires to complement the pre-competitive Community programmes, to strengthen competitiveness, sustainable development and productivity of European firms. A particular stress is put on climate change, environment, energy and natural resources, health, security and well-being 4 (EUREKA website). The program also puts a stress on quality and flexibility of R&D processes. Another aim of EUREKA is to stand for an opening to greater expertise and new markets for large companies as well as for SMEs. In addition, it gives access to SMEs to large scale projects and international networks. For obtaining the expected results national governments have developed significant public funding schemes. The EUREKA network fosters alliances between SMEs, large companies, governments and national administrations, research institutes and universities. It is worth noting that strategic alliances and partnerships in core technologies are closely related. These strategic alliances, initiated on a private basis, allow firms to decrease the project risk encountered, to share costs and technological competencies and to expand the market of each participant (Capron and Cincera, 1999) . EUREKA promotes collaborations in 'market-oriented' research by focusing more on the introduction of new products and services with a commercial target. These objectives can be reached through the offered platform of innovative and cluster projects. The latter brings together several projects and promotes large networks in terms of their technological dimension and scope. The main objectives of cluster projects are the strategic development and the commercialisation of new and core technologies as ICT, energy and biotechnology.
While EUREKA offers to firms a framework for international collaboration and improvement in several technologies regardless of their size, to be accepted, four criteria need to be met (European Commission, 1997): (i) to include independent partners from at least two EUREKA member countries 4 ; (ii) to be innovative in its sector; (iii) to result in a marketable product, process or service; and (iv) to be aimed at the civilian sector.
It is worth noting that, in some cases, EUREKA projects are pre-competitive rather than near-the-market oriented. As a result, it can happen that European FWP and EUREKA projects are working on the same field and are not complementary. This can also explains the participation of the European Commission to some projects.
DATA
The database on pre-competitive S&T collaborations is based on the project's information available on the CORDIS website 5 between November 2002 and January 2003. The data collection stopped at the end of January 2003. CORDIS disseminates information about European RTD and related matters. In our case, we used the RTD-Projects database containing information on 60464 projects. These projects are distributed amongst 200 programs. In order to limit the analysis to projects directly linked to FWPs, other types of R&D actions were excluded from the database (e.g., fellowships, supports to conferences, concerted actions, research programmes in joint research centres,...). This brings the total number of projects analyzed to 35334. Finally, since each FWP is covering more than one year, an analysis on a yearly basis is difficult to conduct. Therefore, the analysis has been performed per FWP.
For near-the-market S&T collaborations, we first download all the projects from the EUREKA website. The data set consists of 2223 projects (and 11321 participants) implemented from 1985 to April 2004 6 . The analysis is limited to the EU-15, which reduces the number of participants to 8701. Different pieces of information have been retrieved from the raw database: the project number, which again serves as a unique identifier, the date when it started and its associated technological code 7 . For the participants, information on the name, address, and country, position in the partnership, and type of organisation was collected. While these sources of information are available for each project, it was also necessary to harmonise the names of participants in order to analyse the most active Belgian and foreign organisations.
PARTICIPATIONS TO THE EU PRE-COMPETITIVE AND NEAR-THE-MARKET S&T COLLABORATIONS
The significant increase in cross-border collaborations over the last two decades is one of the most prominent components of the technological globalisation process
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. Technological complementarity and reduction of innovation time-span are two main motives often put forward to explain the formation of international joint ventures in core technologies (Hagedoorn and Schakenraad, 1994) . The techno-globalisation process makes regional and national technology policies both more difficult but also more significant. On the one hand, national policy instruments implemented by governments are less and less efficient to ensure that the research output financed by public money will be exploited within national borders. On the other hand, governments are induced to foster international technology cooperations in order to be integrated into international networks and maintain their technological base. Figure 1 shows the change in the total number of pre-competitive collaborations and near-the-market cooperations supported by both the European and national public authorities over the period . As regards pre-competitive RDT collaborations, this change is characterised by large fluctuations from one year to the next particularly at the beginning of each new FWP. The drop in the total number of pre-competitive projects observed at the end of the period highlights the new objectives of the EU research policy to concentrate European efforts on fewer priorities, in particular on areas where co-operation at European level presents significant added value. In a similar vein, the shift of public resources towards large-scale projects, in particular umbrella and cluster ones, partly explains the downward trends in near-the-market projects at the end of the period.
EU PRE-COMPETITIVE AND NEAR-THE-MARKET S&T COLLABORATIONS
7 Only one code is provided for each project. 8 In the early 1970s the annual worldwide number of new partnerships was around 35 and in the late 1990s it was around 600 (Caloghirou et al., 2003) .
FIGURE 1. NUMBER OF PROJECTS OVER TIME
Figures 2 and 3 illustrate the commitment of Belgian teams to pre-competitive and nearthe-market European RDT projects as measured by the total number of projects over the period 1984-2004 involving at least one Belgian partner. It follows that the trends in the total number of projects with Belgian partners is broadly in line with that observed at the EU level. Furthermore, the share of projects with Belgian partners acting as a leader is roughly constant over the time period analysed. Table 1 provides additional information as regards the distribution of countries participations across types of organisations and technological fields. A main difference between precompetitive and near-the-market collaborations is that the former mainly involve Higher Education Institutions (HEIs), in particular universities, and public Research and Technology Organisations (RTOs). At the EU level, the shares of education and RTOs in pre-competitive collaborations represent 32% and 27% respectively of the total number of participations while for the near-the-market projects, these figures are much lower (12% and 15% respectively).
FIGURE 3. COMMITMENT OF BELGIUM TO NEAR-THE-MARKET S&T COLLABORATIONS
The Belgian distribution index shows the importance of the participation of the education sector. The share of this sector both in pre-competitive and near-the-market collaborations is significantly above the EU average. Conversely, Belgian research organisations from the private sectors are under-represented. This result confirms the findings of Cincera (1999, 2002b) . In terms of technological profiles, distribution of participations at the EU level is concentrated in the industry and technology (39%) sector for precompetitive collaborations and in information technology (19%), environment (16%), robotics (16%) and medical and biotechnology (15%) for near-the-market projects. This distribution pattern across technology fields is about the same in Belgium. Figure 4 shows the per capita participation index which gives a measure of the degree of participation of a country relatively to the European average. It follows that the per capita index for Germany, the United Kingdom and France are weak relatively to the European average. This results from the limited number of projects to which these countries participate relatively to their large technology base. On the contrary, Greece and Ireland exhibit high participation indexes. This can in part be explained by the fact that FWPs 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 # of PROJECTS AS LEADER # of PROJECTS include some specific actions to stimulate technology cohesion. Therefore, in relative terms, small countries are the main beneficiaries of the European research networks. Small countries are dependent upon their international collaborations since they often implement government funding of international programmes only through cooperation, without prior or parallel national activities. This behaviour contributes to widen the gap which already existed before the collaborative programme (Müller, 1989) . Globally, participation indexes exhibit downwards trends for the United Kingdom, the Netherlands, Ireland, France and Belgium. This a priori negative observation can be explained by the fact that participations have become more diversified over time as a consequence of both the increasing participation of third countries and the EU enlargement. Indeed, the FWP is opening-up to non-European countries (European Commission, 2002) . The per capita participation index of Member States to near-the-market S&T collaborative agreements reveals that France is close to the EU-15 average (100). The indexes for Ireland (76), Germany (74), the United Kingdom (68), Greece (61) and Italy (57) are below the EU-15 average. Conversely, the per capita participation index is higher compared to the EU-15 average for the Scandinavian countries, Austria (222), the Netherlands (215) and Luxembourg (203).
The mutual collaboration spatial specialization index illustrated in Figure 5 gives a measure of the geographical orientation of mutual collaborations of a country relative to the European average. A main observation is that collaborations engaged by countries are largely influenced by geographic and/or cultural proximities. In fact, nearly all countries exhibit high collaboration links with their neighbouring countries. Belgium and France reveal neighbour-collaboration indexes particularly important but it is also the case for Portugal and Ireland. Three geographic clusters can be identified namely the Scandinavian, the German-speaking and the Latin-speaking countries. A sub-cluster formed by Mediterranean countries has also been recognized. This might explain why technology diffuses first to neighbouring locations. Two particularities have also been observed. First, high collaboration links observed between Finland and Austria might be due to the fact that both countries where previously members of the European Free Trade Association (EFTA). Second, collaborations between Ireland and Portugal are maybe due to their membership to the Transnational Atlantic Area. Source: own calculations, CORDIS, and EUREKA databases.
FIGURE 4. PRE-COMPETITIVE AND NEAR-THE-MARKET PARTICIPATION INDEXES
The evolution of pan-European S&T collaborations in relative terms is not characterized by major changes over time at the exception of countries that entered the EU in 1995.
Globally indexes for new members have increased. Moreover, indexes obtained for large countries tend to remain stable over time which is not the case of other countries. From FWP2 to FWP4 included, countries that joined the EU prior to 1995 show an increase in their index, and then during FWP5, these indexes decrease. Countries who joined the EU in 1995 exhibit a permanently drop of their intra-national index. These two trends are likely to be due to the EU enlargement and the amplified participation of third countries to FWPs. This diminution in intra-national indexes shows that national research teams do not seem to fully exploit their complementarities and specialization patterns (Capron et al., 1999) . Another interesting observation bears on the propensity of countries to develop intra-national collaborations. Large countries appear to have relatively less intra-national collaborative linkages than small countries.
The near-the-market EU mutual collaboration spatial specialisation index indicates that partnerships engaged by countries are again largely influenced by geographical and/or cultural proximities. In fact, nearly all countries exhibit high collaboration links with their neighbouring countries. Belgium, Luxembourg and France for instance reveal particularly significant neighbour collaboration indexes but it is also the case for Germany, the Netherlands and the United Kingdom. Indeed, mutual collaboration indexes between Belgium and its neighbours are always above the EU average. On the whole and once more, three main geographic clusters seem to emerge, namely the Scandinavian, the German-speaking and Only eleven organizations out of the top 20 of FWPs are also very active in EUREKA projects ( Table 2) . As can be seen, RDT organizations and enterprises are among the main participants to EUREKA projects. The main explanation is that the FWPs are mainly oriented towards scientific research in opposition to the focus on technological aspects of EUREKA projects. A second explanatory factor is that the participation to EUREKA projects implies a personal or national contribution to the financing of organization. Without national public financing of projects, lot of universities are not in a position to participate to projects
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. Nevertheless, we can observe that Flemish universities (Katholieke Universiteit Leuven and Rijksuniversiteit Gent) are more active to EUREKA projects than their French-speaking counterpart. 5  5  3  3  3  3  3  2  2  2  2  2  2  2  2 European multinationals to the EUREKA programme, the bottom part of Table 4 shows that foreign companies with a Belgian subsidiary are not very well represented in the EUREKA initiative. The Belgian subsidiary of Alcatel France is the most active with 7 participations. Philips with only two participations and Hoogovens, HewlettPackard, TotalFinaElf, Ford, Dow, GlaxoSmithKline and Toyota follow with only one participation. Table 6 gives the distribution of Belgian institutes which are active into the EUREKA network. Katholieke Universiteit Leuven (KUL) with 22% of all participations is the main actor and Gent University (RUG) obtains the second position. The collaborations of this university represent 13% of the participation of Belgian organisations to EUREKA. Next, we have the CRIF-WTCM with 9%, then the UCL (Louvain-la-Neuve) with 7%, IMEC and the VUB with 6% each. Overall, the Belgian universities exhibit more collaborations than other Belgian research centres. Table 7 presents the most active foreign organisations with S&T near-the-market collaborations dealing with Belgian research institutes and universities. With 18% of participations, Italy is the most active country dealing with Belgian institutes. Moreover, the two first organisations of the ranking, the 'Consiglio Nazionale della Richerche' (13 participations) and the ENEA research institute (6 participations) are Italian. France (17%) and the Netherlands (10%) are two other important countries that collaborate with Belgian research institutes. The CNRS and the CEA Grenoble appear in the third and fourth positions respectively. It is worth mentioning that 32% of the top collaborators are research institutes and 25% are universities. So, 57% of the near-the-market partnerships implying Belgian research institutes are with foreign institutes. These Belgian organisations are also cooperating with foreign partners from the industry sector (32%), in particular large companies (28%). This high implication of foreign large companies leads one to the conclusion that these firms are the most important recipients of the research spillovers generated through University-Industry partnerships. This finding supports the results of Capron and Cincera (2002b) where firm's size, the provision of public support for innovation and patenting activities are the most important determinants of firms-university collaborative interactions. Figure 6 shows to what extent a region with a high participation index to FWPs is also a main participant to EUREKA projects. As can be seen from Table 8 , only 43 regions are highly implied in both types of collaborations against 119 ones which have participation indexes under the European average. So, about 57 per cent of regions are not well represented in both types of collaborations against 20 per cent which are main actors. The other regions exhibit a very specialized profiles given some are more involved in FWPs and others in Eureka projects.
REGIONAL LEVEL
TABLE 8. DISTRIBUTION OF REGIONS ACROSS FWPS AND EUREKA
A last interesting question is to disentangle what are the main determinants of participations to collaborations and to appreciate to what extent the participation to FWPs is a good channel towards collaborations in the framework of EUREKA projects. Given the data are aggregated for the whole period, the objective here is not to analyse the causality link between participations to FWPs and EUREKA projects but to highlight the main determinants of participations to both types of collaborations.
FIGURE 6. PER CAPITA REGIONAL PARTICIPATIONS
In the regression analysis, seven explanatory variables are taken into account: (i) the average GDP per capita over the period 1997-1999; (ii) the average number of patent applications per capita to the EPO over the period 1998-2000; (iii) the percentage of 15-64 years old higher educated people in the population; (iv) the density of population; (v) the periphericity index; (vi) a dummy variable for cohesion countries; and (vii) a dummy variable for Objective 1 regions.
The results reported in Table 9 indicate that:
-there is a close link between the participation to pre-competitive research and near-themarket research : the propensity for a team to participate to the two types of projects is equal to 38% ;
-if the richest regions are the most active to FWPs, there is no clue that they could be more active in the EUREKA projects comparatively to their participation to FWPs as no additional effect is obtained for their participation to near-the-market research ; -while the patent per capita is not a significant determinant of the participation to FWPs, the regions with a high level of activity in technological fields have a higher propensity to participate to near-the-market research ; -the density of population which can be expected to grasp agglomeration economics is not significant to explain the participation to FWPs, what it is not the case for near-themarket research : this give evidence of a better spatial distribution of pre-competitive research comparatively to near-the-market research ;
-not only the level of education of the population has a positive impact on the propensity to participate to both categories of projects but its effect is particularly important to explain the participation to near-the-market research, what can reflect the more active role played by regions benefiting from a high specialisation in high value-added activities and technology-intensive industries ; -a similar observation can be done for regions whose development are lagging behind as it is shown by the results obtained for the dummy « Objective 1 » : here also the FWPs can be a valuable channel for their technological catching-up ;
-the periphericity index is only marginally significant for participation to FWPs and non significant for participation to EUREKA projects : this can be explained by the fact that regions benefiting from both the cohesion fund and Objective 1 are mainly peripheral ones ;
-regarding the country dummies, if Belgium, France, Italy and, to a lesser degree, the United-Kingdom are well represented in FWP projects, it is not the case in EUREKA projects in which they participations are under the European average.
These results suggest that if FWPs are favourable to the development of the scientific capability of regions, there is a substantial risk that the new knowledge so created leak out to the most central regions given they concentrate technology-intensive industries which are at the source of the new products and processes. Consequently, there is a need to implement incentives in order to increase the participation to EUREKA projects of regions characterised by a weak technological capacity. This will help them valorizing economically the scientific competences acquired thanks to FWPs.
CONCLUSION
This paper analyzed the technological collaborative behaviour of European research organisations through their participation to European S&T pre-competitive and near-themarket S&T collaborations, the two main instruments of the EU's technological policy. An econometric analysis of the determinants explaining the participation of EU's regions to these programmes was also performed.
The main results of the study can be summarized as follows. One of the most important prominent components of the technological globalisation process rests in the significant increase in cross-border collaborations over the last two decades as witnessed by the increasing number of participations of European orgnaisations to EU pre-competitive and near-the-market S&T collaborations. This trend is also observed for the projects implying Belgian partners. Yet, a main difference between pre-competitive and near-themarket collaborations is that the former mainly involve HEIs, in particular universities, and RTOs. In terms of size, small countries in relative terms are the main beneficiaries of the European research networks. Small countries are dependent upon their international collaborations since they often implement government funding of international programmes only through cooperation, without prior or parallel national activities. Furthermore the mutual collaboration spatial specialization index clearly shows that both pre-competitive and near-the-market S&T collaborations engaged by countries are largely influenced by geographic and/or cultural proximities. In fact, nearly all countries exhibit high collaboration links with their neighbouring countries. Three geographic clusters were identified from this index, namely the Scandinavian, the German-speaking, the Latin-speaking countries as well as a sub-cluster formed by Mediterranean countries. At the micro-level, the major foreign firms cooperating with Belgian research organizations are concentrated in the automobile, telecommunication and electronics industry sectors.
Participations to EUREKA projects are more spatially concentrated than the participations to FWPs. Given teams participating to a pre-competitive project come from richest as well as poorest regions of the European Union, such collaborations definitely help the second category of regions to improve their scientific potential. Yet, the economic valorisation of results is often realized in richest regions which combine scientific and technological capabilities, what it is not generally the case in the poorest regions. Policy incentives should be implemented in order to improve the pathway from pre-competitive research to near-the-market research at the spatial level.
